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Abstract 
Most of Wireless Sensor Networks (WSNs) routing solutions use mainly static sinks to collect data from the entire network. This collection 
approach results in high traffic load in the sink’s vicinity because neighborhood nodes of the sink will be more requested than others nodes in 
the network. Therefore, these nodes will consume more energy and face high congestion in a large scale WSN. To mitigate this problem, two 
approaches of mobile networks, according to the type of the mobile element, are today considered as a possible solution to minimize the energy 
consumption:  mobile Sink and mobile relay nodes [1].  
Our aim in this paper is to studythe impact of the mobile element (Sink and relay nodes) on WSN performancesin terms of energy efficiency, 
number of received messages as well as latency by using a simulation approach.The obtained results have revealed that the collection approach 
based on relay nodes give better performance than those based on mobile Sink. 
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1. Introduction 
These last two centuries distance themselves by a considerable scientific revolution in high technologies, in particular in 
computing and electronics domains. This strengthens more and more the subsidy of miniaturized objects, processors and mobile 
means of communication, which allow them not only to capture the changes which appear in their environment but also to treat 
the information and to pass on them. This evolution joins within the framework of the pervasive information, known under the 
name "of ubiquitous computing ". It thus comes to bridge the gap between the real and virtual worlds by returning "Intelligent" 
objects. This is the way the perpetual and constant evolution led to the coupling of three Technologies: the nanotechnology, the 
micro-electromechanical engineering " MEMS " and the wireless technology gave birth to a class of wireless networks which 
come to assure in a way more at least flexible the interaction between individuals and the nature: they are the wireless sensors 
networks (WSNs) [2].  
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WSNs have become an established technology for a large number of applications, ranging from monitoring(e.g., pollution 
prevention, precision agriculture, structures and buildings health), to event detection (e.g., intrusions, fire/flood emergencies) and 
target tracking (e.g., surveillance). 
WSNs usually consist of a large number of sensor nodes which are battery-powered tiny devices and able to perform three 
basic tasks:(1) sampling a physical quantity from the surrounding environment, (2) processing (and possiblystoring) the acquired 
data, and (3) transferring them through wireless communications to a data collection point called a sink node or base station [3]. 
Initially, WSNs were stationary in the sense where the data collected by sensors nodes are forwarded to a common destination 
(Sink) via a multi-hop communicationsusing routing protocols. This configuration has been applied in the majority of WSN 
applications for a long time, but recently it has proved ineffective. 
In the literature, we find two approachesfor data collection with MDCs (Mobile Data collectors): MDCsas Sinks and MDCs as 
relay nodes [4].Then, the question is to know which of these two approaches is the best in terms of energysaving and 
prolongingthenetwork lifetime? 
Our aim in this paper is to give a possible response by using simulation methodology to study in data collectionprocess in 
WSN by considering these two approaches to determine the most profitable of them under some mobility scenarios.  
The rest of the paper is organized as follow. In Section 2, we give some research works that address mobility in WSNs. 
Section 3 summarize WSNs with mobile elements.  Section 4 present principal types of WSNs. Section 5 gives a classification of 
data collectors in WSNs. Sections 6 and 7 present our contribution by considering different deployment scenarios. Simulation 
results are given in Section 8. Section 9 concludes the paper.  
2. Related work 
Applications that require fast response time such as emergency preparedness and hostile environment surveillance pose 
challenging obstacles to wireless sensor network (WSN) protocols. A routing protocol must provide fast and reliable techniques 
for data propagation. 
Many research works proposed a solution to the problem of deploying mobile data collectors in order to alleviate the high 
traffic load and resulting bottleneck in a sink’s vicinity caused by staticapproaches. They proposed MDC/PEQ protocol employs 
mobile data collectors (MDCs) that broadcast beacons periodically. Sensor nodes that receive the beacon will join the MDC’s 
cluster and update their routing information in order to relay data packets to the MDC. Sensor nodes use the signal strength of the 
beacon in order to perform a simple but efficient route re-configuration (handoff). 
An extensive set of simulation experiments is conducted and results confirm that the introduction of mobile data collectors in 
wireless sensor networks reduces the bottleneck at the nodes closer to the sink. They proposed mobility technique for data 
gathering introduces no traffic or energy overhead. In fact, it significantly reduces traffic and, consequently, packet delay and 
energy dissipation by reducing the average number of hops that data packets traverse from source sensor nodes to sinks or mobile 
data collectors [1]. 
Among solutions to the problem of extending the lifetime of sensor nodes close to the sink is the data collection using a 
mobile sink. In some aspects, thisis similar to use several static sinks. However using several static sinks requires additional 
global communication for collectingall data at a single final point [5, 6]. 
In order to overcome the shortcomings observed for a staticsink, mobile sink approach has been proposed. A mobile sinkcan 
follow different types of mobility patterns in the sensor field,such as random mobility, predictable/fixed path mobility, or 
controlled mobility, which has consequences with respect to energyefficiency and data collection strategies. In the following, we 
summarize some proposed solutions for each type of mobility [6, 7]. 
Random mobility. In this class, the sink follows a random path inthe sensor field and important questions are related to the 
data collection strategy. Usually, the sink uses a pull strategy orcollecting data from the sensor nodes. In a pull strategy, a node 
forwards its data only when the sink initiates a request for it, whereas in a push strategy a node proactively sends its data towards 
thesink. Authors in [6,8] shown that random sink mobility can be used to reduce the energy dissipation maximal per node and the 
average energy dissipation per node compared to the case of a static sink. Single hop data collection leads to the strongest 
reduction of energy consumption, be²cause no data relaying load on the sensor nodes exists. However, it can also result in 
incomplete data collection from the WSN, because with a random mobility pattern there is no guarantee that the sink will reach 
all nodes in the sensor field or it might take too much time to do so.If the time required for complete coverage of the field has to 
be even lower, then the sink can be programmed to collect data from all nodes which are within a maximum number of hops 
larger than one. This results in increased relaying load on the sensor nodes, and hence increases the energy dissipation maximal 
per node and the average energy dissipation per node compared to the case of single hop data collection [8].  
3. Wireless sensor networks with mobile elements 
To better understand the specific features of WSN with mobile elements (WSN-MEs), let us first introduce the reference 
network architecture, which is detailed according to the role of the MEs. 
The main components of WSN-MEs are the following: 
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• Regular sensor nodes (or just nodes, for short): are the sources of information. Such nodes perform-sensing as their main task. 
They may also forward or relay messages in the network, depending on the adopted communication paradigm. 
• Sinks (base stations): are the destinations of information. They collect data sensed by sensor nodes either directly (i.e., by 
visiting sensors and collecting data from each of them) or indirectly (i.e., through intermediate nodes). They can use data 
coming from sensors autonomously or make them available to interested users through an Internet connection. 
• Special support nodes: perform a specific task, such as acting as intermediate data collectors or mobile gateways. They are not 
sources nor destinations of messages, but exploit mobility to support network operation or data collection [4]. 
4. Principal types of WSNs 
Depending on the elements constituting the network,we distinguish two types of WSNs:stationary WSNs and mobiles WSNs 
(object of our study) [9]. 
4.1 Stationary WSNs 
A stationary WSN consists of stationary sensors nodes that monitor occurrence of events at a given geographical area [10]. 
Sensor nodesonly perform monitoring, and the measured data are sent using multi-hop routing to the Sink. 
4.2 Mobile WSNs  
A mobile WSN, is a traditional WSN where one or several components are mobile, moving in a stationary environment.  The 
purpose of such network is in most of the time the exploration of the inaccessible and dangerous areas, or reducing the energy 
consumption of the sensors nodes in data collection process, in order to prolong the network lifetime [1]. 
5.  Mobile Data Collectors (MDCs) 
These are mobile elements which visit the networkto collect data generated from source nodes. Depending on the way they 
managethe collected data, MDCs can be either mobile sinks or mobile relays. 
5.1 Mobile Sinks (MSs) 
These are mobile nodes which are the destination of messagesoriginated by sensors, that is, they represent the endpoints of 
data collection in WSN-MEs.They can either autonomously consume collected data for their own purposes ormake them 
available to remote users by using a long range wireless Internet connection. 
5.2 Mobile Relays (MRs) 
These are support nodes which gather messages from sensornodes, store them, and carry the collected data to sinks or base 
stations. They are notthe endpoints of communication, but only act as mobile forwarders. This means thatthe collected data move 
along with them, until the MRs get in contact with the sink or base station [4].  
6. Contribution 
Our contributions in this paper contain two parts: conception part and implementation and simulation part. In the conception 
part, we proposed some scenarios of mobility, whereas, we opted for the environment OMNeT ++ / MiXiM-INET for the 
implementation and simulation part.Our choice ofOMNeT ++ simulator is not only due to its suitability for 
WSN [11], but also because it proposes modules allowing to simulate the mobility of sensor nodes and offers a better flexibility 
of source code, and thus it meets the needs of our application. We proceeded afterward to preliminary evaluations on the 
proposed scenarios. Our main objective is to deduct the best scenario in particular in term of energy consumption (crucial 
parameter in the WSN). To simplify the scenarios of both methods of data collection (mobile Sink and mobile relays), we opted 
for a determinist mobility in the sense where the trajectory of the mobile element, noted MDC (Mobile Data Collector) is 
predefined, the moving speed of the MDC is fixed and  sensor nodes  are deployed at fixed positions in the deployment space. 
7. Simulation Scenarios of Data Collection by Mobil Data Collectors (MDCs) 
We developed five scenarios: one mobile sink, one mobile relay, two mobile relays, four mobile relays and a stationary 
wireless sensornetwork noted respectively (OMS, OMR, TMR, FMR and S-WSN) applied to a network established by twenty 
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(20) sensors nodes, besides Sink. Sensor nodes are organized in grid architecture of dimension (4*5).Sensor nodes are alternately 
arranged on the columns of the grid (inserted by an empty column), except for the scenario OMR, where we opted for linear 
architecture. 
7.1.   Scenarios of Data Collection in Mobiles WSNs (OMS, OMR, TMR, FMR) 
In these scenarios, we always consider that all elements of the network are nodes implementing IEEE 802.15.4 protocol, 
powered with a battery. Batteries of sensor nodes have limited charge whereas those for relay nodes and the sink are powered 
with unlimited energy. Sensor nodes exchange gathered information via a one-hopcommunicationsusing flooding mechanism as 
routing protocol, whichis used according to the requirement of our work.  
Parametervalues used all simulated scenarios are summarized in the table 1. 
Table1.Values of the Parameters used in the Various Scenarios 
 
 
 
 
 
 
 
 
 
7.1.1 Scenarios simulated with MDCs of one mobile sink  
In this configuration, the sinkis mobile whereas the rest of nodes are stationary. This one crosses columns of the grid where 
the nodes aredeployed, while collecting informationas illustrated in the figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1.The WSNscenario with one mobile Sink 
 
7.1.2 Scenarios simulated with MDCs ofone mobile relay 
This approach differs from the previous one by the use of the second type of MDCs who is nodes relay. So, we chose to move 
one or several relay nodes instead of the Sink. The values of network parameters are the same with the exception of the 
parameter "Type of nodes" where we used nodes sensors of type "Host 802.15.4" with simple battery with a higher capacity 
regarding storage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.The WSN scenario with one mobile relay 
 
 
 
Parameters Values 
Number of generated packages 10 
Types of applications « SensorApplLayer » 
Nominal power of battery 99999 mAh 
Capacity of the  battery 99999 mAh 
Voltage of the  battery 3.3 V 
Speed of MDC 100mps/5000 mps 
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• Scenarios Simulated with MDCs of two mobile relays 
In this scenario, we chose another way of data collection. The idea was to split the network into two parts of collection. The 
latter consists of 18 nodes stationary sensors, and also of stationary Sink as well as two mobile relays. Each of the nodes relay 
assures the collection of data captured by the only nodes being in its region. These relays make a visit of collection of data in the 
region where they operate, collect the data then join Sink to broadcast them to him. The trajectory borrowed by each of the nodes 
relay is illustrated in the figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.The WSNscenario with two mobile relays 
 
• Scenarios simulated with MDCs of four mobile relays 
We used a network divided into four parts of collection. This network consists of 16 sensors nodes and of one stationary Sink, 
besides four mobile relays. Each of these nodes assures the collection of data captured by only nodes sensors being in its 
trajectory. The model of mobility chosen in this case favours a movement on straight line what is represented in the figure 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4.The WSN scenario with four mobile relays 
 
7.2 Scenarios of data collection in a stationary WSN  
In this work, we envisaged a single solution of this type, with the aim of comparing the results obtained from this one with 
those obtained from the scenarios using a mobile WSN. The network is composed of 20sensors nodes and a single Sink where all 
the elements are stationary. Contrary to the solutions based on a mobile WSN, communications between sensornodes and Sink 
are multi-hop.  
Parameters of this configuration are the same that those presented in the table 1, except the used routing scheme which is 
«WiseRoute" instead of "Flooding". 
8. Results analysis 
The results obtained from scenarios will be detailed in section 6, (mobile Sink (OMS), a mobile relay (OMR), two mobiles 
relays (TMR), four mobile relays (FMR) and stationary (S-WSN) are summarized in table 2.   
In these scenarios, we considered three parameters of network performance namely: dissipated energy, message loss and 
latency.These parameters are calculated as follows:  
The dissipated energy by the network (Ed) is calculated by the following formula: 
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 Ed = Ȉ energies dissipated by all the nodes / number of network nodes  
The message loss (Throughput) is calculated as follows: 
 Thr = Number of generated messages - number of messages received by Sink  
The latency (Lat) is calculated by the formula:  
 Lat = Ȉ latencies of messages calculated by all sensor nodes / number of received messages. 
The energy dissipated and the latency are calculatedusing “MiXiM” tool. 
 
Table 2. Summary of the Simulation Results 
 Latency(s) Throughput Energy-dissipated(mw) 
OMS 14,06 24 62.038598009923 
OMR 16,42 29 62.038706562718 
TMR 3,79 19 62.038665262718 
FMR 1,5 16 62.037237836023 
S-WSN 1,07 26 62.500000018296 
 
8.1 Evaluation of the energy 
Four results obtained by the execution of scenarios relative to the mobile WSN, given in the table 2 can be represented using a 
graphical form (histogram) as illustrated by figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Energy dissipation in various realized scenarios 
 
According to results presented in table 2 andfigure 5, we notice that the energy dissipated by sensor nodes in various 
configurations is given by an increasing order as follows:  
 
1) Four Mobile Relays (FMR) 
2) One Mobile Sink(OMS) 
3) Two Mobile Relays (TMR) 
4) One Mobile Relay (OMR) 
5) A Stationary WSN(S-WSN) 
8.2 Evaluation of lost messages 
The result obtained by the execution of scenarios related to the mobile WSN is represented in the form of ahistogram as 
depicted by figure 6. 
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Fig. 6.Histogram representing the number of lost messages. 
 
The results concerning the loss of messages obtained and illustrated in the figure 6, allow the following classification: 
The number of lost messages in the network is given by an increasing order as follows: 
 
1) FMR.  
2) TMR. 
3) OMS. 
4) S-WSN. 
5) OMR. 
In the aim of seeing the impact of the mobility speed on the improvement of the network performances,we varied the speed of 
the MDC, noted "s", between 1000 and 5000 mps as well as the time of generation of messages by nodes sensors, noted "T". The 
obtained results show that more the collector moves fast, more the loss will be important (see figure 6). These results are 
obtained at the end of two cycles.  
Results obtained from this simulation, are summarized in the figure 7 by a histogram. So, we notice that the most profitable 
scenario in this case is the one which corresponds to a higher speed conditioned by an interval of longer time. This case is 
specific in the generation method of messages of MiXiM and cannot be generalized. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7.  Lost messages/MDC moving speed 
 
8.3 Evaluation of latency  
The third parameter which we considered in our study is the one of "the latency ". This one is calculated as being the time past 
between the generation of the message and its reception by the Sink(collector). The results obtained from this parameter are 
illustrated in figure 8. 
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Fig.8.Histogram representing the latency of data messages 
The values relative to the latency obtained in the simulated scenarios, are given below in increasing order:  
1) S-WSN.  
2) FMR.  
3) TMR.  
4) OMS.  
5) OMR. 
9.  Conclusion and future work 
According to the obtained results, it is clear that methods based on the MDCs consume much less energy than the static 
method (Stationary). So in the mobile WSN, we observe that the method which allows keeping more energy and guarantees more 
reliability of transfer messages, as well as less latency is the scenario “four mobiles relays (FMR). Nevertheless, it should be 
noted that the static method offers a better latency with regard to that of the MEs.  
Thus the selection of the best data collection method based on the field of use of this one; we want to win in latency and 
energy. In our case, we are more interested in the energy dissipated by the network during the process of data collection. So we 
can deduce that the configuration based on MDCs of mobile relaysis the most adequate for the energy efficiency of sensor nodes 
in the network, in particular in case of four mobile relays. Performances analysis in which we are interested in this paper is the 
mobile element performance, connected to sensors nodes (limited battery).  
Unfortunately, saving energy with the consideration of mobility paradigm generates another problem which is the overflowing 
of the latency (transmission deadlines of the data packages). This drawback does not raise problem in the context of our study, 
because we carry outoperationsin borders surveillance application in a safescenario, that is no alert event has been 
considered.However, for delay sensitive applications, we plan to propose a compromise solution between energy consumption 
and latency. 
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